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FROM: Gaynor Dawxm 

SUBJEW. WORK PIAN R M E W  #1 - OU4 Vadose ZOM Work Plan 

My staff and I have completed a review of the subject work plan as described in the December 
1992 Technical Memorandum. Our general conctuSion Is that the plan is directed to collection 
of a lot of data that will be of I i i  or no use h conduct of tbe RVFS, whlle several important 
areas of investigation are not addressed. Our review was conducted in the contexl of our 
knowledge of H/FS requirements as we addressed them under our DOD, EPA and prhtrtte 
conpracts. tfthere are special instNctions your staff has rece'rved with respect to O W  or unique 
concerns that have been raised about the solar ponds, they need to be identified. 

Our review was based solely on what appears in the Technical Memorandum. We have not seen 
a work plan for the ground water or other reladed materials. In order to help you understand the 
basis of our comments, I have included a bdef descriptlsn of the requiternents of 8 RVFS 8s 
dictated by EPA guidelines, a synopsk of existing data on the site, and a summary of our 
understanding of ihe proposed plan. Hopelully, these d o n a  will facilitate ofany 
rnlsundestandiis or mishtqmbtm - ns H such exist. Ifthere are no miscommunications, then 
we would strongty recommend revising the plan to be more responsive to needs and less 
expensive. 

RI/FS REQUIREMENTS 

As currently structured, the RI (Remedial Inuestigation) is-htendecito providethe datanecessary 
for two key data evaluation processes: I) the risk srsses~ment, and 2) the feasibiii study. The 
former supports a decision as tothe need for rem- the latter supports seiechlon oftha 
best remedy. As such, Ri activities encompass both site and treatability 

apptoptiateremedialaction~~andgatherd~rel~.tadesign/aperatlonofremedtal 
technologies d-& site- Specific requknenta are to define as appropriste: 

amsiderations allowing us to assess the risks to human health and the BI'F/itonme *kierwy 

0 Site physical charaderisttcs; 
0 Sources of contamination; 

Nature and extent of umtmhation; 

i 
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Fate and transport of contaminants; and 
Features that would affect implementation of probable remediaI action alternatives. 

A balance must be struck between cost and uncertainty m defining site features. Greater 
understanding and, hence, more certainty can be obtalned at increasing levels of cost associated 
with higher density of samples and broader arrays of analyses. The balance is determined on 
the basis of adequacy of Information for decision making purposes. For instance, If chemicals 
are known to be moving at suflicient rates to pose unacceptabte risks, explicit quantification of 
those rates may not be needed. The extent of contamination must be known to define the 
volume of each environmental matrix that must be managed. However, yvithin the defined 
envelop of ConCBntratjons above deanup criteria, extensbe mapping of variations is not of 
&mom unless high c o n c e r n o n  zones would impact the remedy selection prooess. 

A S U M M Y  OF EMSTtNG DATA 

O W  Is an area at the Rocky Flats Plant containing a number uf historic and existing ponds that 
have been used to evaporate low level raciioadve Wastes since 1953. The original three earthen 
ponds were in use from 1953 to 1960. These early ponds were k n m  to leak around the base 
of their berms. me original ponds were first supplemented and then replaced by the five present 
ponds. The first ofthe present ponds (2074 was constructed in 1956, three more ponds were 
constructed In 1960 and a Rfvl pond was constructed In 1970. 

Monitoring Wells and Bwings 

A total of 182 boreholes have been drilled in OU4 beginning in the 19509. Most of the wells 
drilled prior to 1980 have been abandoned and replaced by approximately 80 boreholes which 
have been drilled since 1986. Some ofthese boreholes were completed as monitoring wells and 
some were not Soil samples were collected from many ofthe borings and anaiyzed for chemical 
constituents. 

The work plan defines two hydrostratigraphic unfts (HSU). The upper HSU is unconfined and 
consists of the Rocky Flats Alluvium, valley fill alluvium, fill matarials and undertying weaihered 
bedrock. Based on cross sections in Appendii A of the work plan, this unit is between 5 and 
20 feet thick but is about 10 feet thick on w a g e .  Perched water is found locally at the base 
of the upper HSU and tends to flow to the North following the topography and perhaps buried 
channels. Groundwater from the upper HSU seeps from the hiilskle in several locations mth 
af the ponds and is also colfected in a sew of freffch drains. The vadose zone investigations 
are explidtfy designed to study only the upper HSU. The lower HSU is conRned and COCWjStS 
of unweathered daystones, Silty cfaystones with lenses of silty smdsmes. Presumabty, the 
lower HSU will ij6'bk subject of a sElturated zone work plan if data indicarte any contamlnrrtion 
in this zone. 
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Although the work plan c ~ e s  not describe the extent of coortamiation in much detail, same 
condwions can be reached from statements in the text Gmu-ndwater in the upper HSU is 
contaminated with elevated nitrate and radionudkfes. The contamidon has-been observed in - - 
groundwater s a m p ~  ~d~ectec~  in wells and in water samp~es dected from &em. The soil 
material within the upper HSU is also contaminated although the extent of contamination is not 
All characterized. Groundwater In the lower HSU Is apparenUy nut contaminated. The work 
p h  does not mention whether chemicals other than nitrate or r a m d e s  have been detected 
in soil or water samples. Apparently, there is a possiM6ty that &en& may be assodated with 
aquews wastes from drains k the 700 series Wildings (Page 1-3). The work plan does not 
indicate whether these compounds have been deteded in groundwater or soil samples. 

Relevarrt RechargeNadose Zone lnvestlgations 

Several other recharge and vadose zone investigations have been completed or &e underway 
for area& near OW. These other extensive mvestigations have included several lysimeters, time 
domain retlectometq O R )  probes, porous cup samplers, and neutron probes to measure 
vertical flux. All of these studies have taken place in areas very near OU4 (see Figure 1-3 of 
existing Work Plan). 

Conceptual Site Model 

Based on the data presented, the conceptual model for the Site would Seem to be relatively 
straightforward. Aqueous waste retained In one or more of the solar ponds migrated vertically 
through the base ofthe unlined ponds, through the contact between the base of the berms and 
the land surface and/or through leaks in the liners. Chemicals In the waste have mlgrated 
Vertrcally through a thin vadose zone to a less perm- zone and have contaminated a 
perched wader bearing unit approximately 10 feet below ground surface. Groundwater in this 
zone flows to the mth along the slope of the perching layer and disctrarges to groundwater 
seep directfyto the north ofthe ponds. As a corrsequen~e,the seeps contain eievated levels 
ofchemlcak of concern. Soil m the perchedzone alsaconEalrrs elevated levels of contaminants 
which have been obsenmd under unsatumted COndjbiOCIS (in the dry ssason). Some af the 
perched water is being collecied in an exkmsive network of french drains located to the north 
of the ponds. These drains have dewatered much of the perched zone, but nat aU of it (see 
Figure A-6 in the work plan). 

By reviewing tMs simple c o w  site model, It is possible to Identify key targets of interestfor 
the RI to meef site charademation objectives: 

rn Site physical characteristics - Parametens of primary Wrest are the dimensions 
~3,- vadose and perched zones, the structure of the boundary surfacee, the 
volume of mofsture in the perched m, and the water balance. Of these 
characteristics, current data adequatety addiessea the dlmenslons of the vadose 
zone. As we understand it, a Water balance has also been calculated for the 
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french drains and a recharge study has been conducted nearby. If that is the 
case, the existing data are suffJdent for the vadose zone conceptual model. 

contamination. The only question would be if there are contribuh'ons from affgite 
sources, and that Is an area of lnquiry for the saturated zone InvestlgEltion. 
Existing data on pond sludges for the Pondcrete effort and related evaluations 
should ideritlfy the chemicals of concern unless there is reason to beUeve that 
inputs to the ponds have changed signlkantly over the years. if feed materials 
have changed significantty, records mwt be reviewed to identify a d d i i  
analytes. if records are not adequate, then some samples of environmental 
matrices (sdl and perched waters) will need to be screened for the full 
complement of potentid contaminants. 

Sources of contamination -There is lhtle doubt that the ponds are the sources of 

e Nature and extent of contamination -The nature of contamination is largely known 
by virtue of existing data on pond content and historic data on feed mat&als to 
the ponds. Hawever, the extent of contamination is not known. NItrate data 
suggest that the mast mobile contaminants have already reached the perched 
water, the seeps, and the bench drains. What must be determlned Is the extent 
to which other, iess mobile contaminants have moved out from the plume. The 
other contaminants will have followed the sme primary pathway: peroolation to 
the perched mne, migration northward, discharge in seeps, and discharge to the 
french drains. The mxrtainty is how far each has gotten, and the dlsMbution 
between the SOM and dissolved phases. in order to remove the unceWnty, 
sampling and anafysis b required in the soil column beneath the ponds, the 
perched z w ,  and areas downpdient from the discharge points. 

e Fate and ttansport of contaminants - W Is dear that contaminants have moved 
from the ponds to the perched zone and subsequently, to discharge areas. The 
fact that contaminants have been found at each point in the pathway to fhe french 
drains dearly demonstratesthat the pathway Is complete. What is not known Is 
if there are additional routes a h g  this pathway. For Instance, is all the perched 
water discharged to the seeps and the french drain, 01 does some flow in other 
directions or leak Into the lower M U ?  Little data adst on the rate at which water 
moves in the vadose m, but that is of little consequence. Since it is deClr that 
contaminants have reached the french drains and seeps, the rate is adequate to 
pose measurable risk 

0 Features affecting the impfernentation of remedies - It is dear that there is perched 
zone contamination of water and, therefore, probabfy soil contamination as well. 
P d e d  zone water is Ukelyto be remedied by dewatering the zone and treatbg 
Wremoved water or by in-situ bioremedkrtion of contaminants which are 
suscepb'bie to biodegradation. S O U  conternination Is kely to be addressed by 
excavation and treatment or Wi stabi l ' in since the vadose zone is relsdively 
thin. Soil flushing may be the remedy of choice since Iixivianta would be 
contained by the perchhg layers and french drain system. Of these candidate 
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technologies, the latter is the one that would require some Site-specific data for 
evaluation in the way of permeabilities and desorption data 

The preceding comparison provides the agenda for the kl work plan, We have compared the 
existing plan to that agenda In order to evaluate the adequacy of the plan. 

me existing va;lose zone work pkm  IS for: 

Installdon of neutron probes and lysimeters In 16 boreholes; 
Conducting physlcal tests and chemical analyses on 50 sol1 samples; 
Conducting 32 to 48 borehole permeability tests (BAT system): 
Installation of 25 Guelph permeameters; 
Installation if double-nng infibornetem, time domain rdectometry and neutron 
probes in 16 borings; 
Installing transducers in 4 to 8 existing piezometers; 
Conducting a soil gas sumy with 28 stations; 
conducting up to 24 chemlcal anatyses on pore water samples; and 
Condwting wlumn lcaohabilii to&. 

Evaluation of the Mstlng Work Plan 

Much of the data that wouM be obtained in thls existing work plan would be used for 
characterking the fine scale temporal and spatial details of contaminant migration in the vadose 
zone. For Instance, saturation-hydraulic conductMty relalionshlps would be developed whlch will 
describe the movement of wetting fronts through the vadose zone. These data could be used 
to predict how long it should take for water to travel from the Surtace to the water table Linda 
present day recharge c o n d i i .  However, historically the vertlcal movement of contaminants 
may have occurred under much different recharge Conditions with respect to the earthen ponds 
which existed in the past These conditions will not be further mdembod by the types of data 
that are proposed to be collected. Addionally, it would seem that this MI of detail may be 
largely irrelevant based on the length uf time that the facility has been in operation and the fact 
that soil and gromdwater contamination are known to exist 

It is undear that the proposed soil gas survey fsiustikd based on existing data No mentkKl 
is made of volatile8 having been detected 8.1 previ0us chemid anafyses of SON and groundwater 
samples. Given the shallow groundwater conditioriS at the site, if VOCs have been disposed af 
in the area they certainly would be detected in groundwater sampling. This soil gas sutvey 
shbuld be erihted unless there am additional data, not presented in the wocI< plan m 
suggest VOCs mgry-be held in a zone that has not been sampled. 

The proposed suite of chemical analyses for soil and groundwater samples includes volatiles, 
sr%~i-volatlles, metals, pesticides, radionuclides, and nitrate. The work plan does not i n d i  
whether all these chemicals have been detected in previous sampling events. If not, 
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consideration should be given to limiting the analyticat suite to nitrate and radionuclides. It is not 
clear that chemical analyses of pore liquid samples collected In lysimeters should be conducted. 

Available evidence indicates that the shallow sail Is contaminated and that the perched 
groundwater is contaminated, it is likely that water moving through the soil will also contain 
elevated levels of chemicals. 

The other recharge and vadose zone hestlgations in the lmmediatre m a  of OU4 should provlde 
suffident data for characterizing recharge conditions in the area. 

Based on these considerations, five of the nine elements of the subject wofi plan are 
unnecessary. In addtlon, the chemical analytes being sought can be reduced significantly. At 
the same time, there are omtsstons that shoufd be mctified. A geophysical sway (as., seismic 
reflection or seismk refraction) should be performed to map the bedrock surface. These data 
would help locate preferred channels of migration as well as provide valuable data on the 
location and dimensions of perched zones. 

It Is also noteworthy that the plan calls far the contractm to maintain data in its own 
GIs. RFEDS has a GIs capabiri and should be the repository for all data. EG&G can not allow 
corrtractors to contrnl critisal data lhe contractor can maIntain a GIs, but it should be 

with RFEDS and backed up In RFEDS continually. 

S U M W Y  AND RECOMMENDATIONS 

We suggest that the work plan be revised to fows on collecting data that will be us&ful in a 
feasibility study of remedial alternatives for the' vadose zone soils. A quick evaluation of the 
available data suggests that eithsr in-situ or ~X-Situ treatment of soils may be feaslbie. IrAtu 
mabnent technologies would include Soil flushing or stabli i ion (vapor extraction is probably 
not appropriate for the chemicals of concern). Ex- treatment options include soil washing, 
stabilization and off-site disposal. The dats requked for each of thew methods are estimates of 
the edent of contamination, leaching characteristics of contaminants and physical characterlstlcs 
of the soil such as grain size distributions, porosity, and hydraultc candudhrtty. 

Based on the fact that the depth to perched g r w n m r  is approXimately 10 feet and that nitraie 
and radionuddes have reached groundwater over 30 years ago, a detailed understanding d 
contaminant migration through the Mdose zone seems to be generally irrelevant for the feaslbiaty 
study. Therefore, much of the proposed work plan Is directed towards collection of data that 
may not be useful in the future. The foIoWing work is rammended to be part of a vadose zone 
stucfy- 

..,yw- 

weter Bslance 

The work plan references an e m  water balance study (Page 2-20), which may have enough 
detail to characterize infiltration rates at OU4. These data comblned with the extraction raie from 
the French Drain system should be evaluated on an annual time scale. It is also worthwhile to 
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collect continuous water level data from piezometers as proposed to characterize recharge 
conditions. These data should be supplemented with an on-site precipitation gage. Comparison 
of cbntinuous hydrographs to predpitation records will provlde a great deal of data on recharge 
rates, travel times and the water balance. 

Extent of Contamination 

Existing soil chemistry data should be supplemented as necessary to adequately characterize 
the extent of contamination. The misting work plan may do this, but we do not know s i n d  we 
haw ncrt smn t h ~  &.StiW dntn 

Physical Characteristics 

The laboratory tests proposed in the work plan should adequately address the gaps in physlcal 
characteristics data 

The proposed column IeaChabiIi studies would provide useful data although existing sources 
and literature studies should be evaluated to deternuhe the applicability of readily available data 
for the feasibility study. 

surface Mapping 

A geophysical survey should be added to the work plan. 


